Introduction: Outcome measures are used in clinical trials to determine efficacy of interventions. We aimed to determine which outcome measures in prehospital major trauma trials have been reported in the literature, and which of these are most patient-centred. Methods: A systematic review identified outcomes reported in prehospital clinical trials of major trauma patients. A search was undertaken using Medline, Embase, clinicaltrials.gov, Web of Science and Google Scholar. Data were summarised by dividing outcomes into common themes which were presented to a Patient and Public Involvement group consisting of trauma survivors and their relatives. This group ranked the categories of outcomes in order of most importance, and agreed consensus statements regarding these outcome measures.
Introduction
Major trauma is the leading cause of death in the UK of people aged under 40, with over 20,000 cases and 5400 deaths every year. 1 Research that aims to improve trauma patient outcomes may be undertaken during the prehospital period, so that earlier interventions, closer to the point of wounding can be investigated. A register of studies in prehospital trauma care, 2 concluded that there was a paucity of Randomised Controlled Trials (RCTs) in this setting, and there have been calls for further prehospital research because of the deficit of high quality evidence. 3 Outcome measures reported in RCTs measure the difference in effects between interventions and controls and must be both biologically appropriate and clinically meaningful in order to assess the overall effect of any intervention, and should be selected based on what can be answered given the selected study design and methodology. 4 Furthermore, outcome measures should be patient-centred so that they have a translatable value on patients' lives after injury, treatment and rehabilitation.
The Trauma Audit and Research Network (TARN) collects data relating to patients suffering major trauma across England and Wales. It states that 'outcomes (survival or death) after trauma are best measured by the number of those who actually survived compared with the number who are expected to survive'. TARN records 30-day survival data and when combined with other demographic and clinical variables is used to generate a probability of survival (Ps) to enable comparison of survival outcomes between centres. In addition to survival outcomes, and as part of an extended pilot project, TARN also collects Patient Reported Outcome Measures (PROMs). 5 There has however been no international consensus on which outcome measures should be reported, and in which circumstances in major trauma trials. It is timely therefore, to gain insight into which outcome measures have been reported in the literature so far, and to assess whether these are considered important by trauma patients.
The two primary research questions for the current study were what outcome measures are reported in prehospital RCTs of major trauma patients and which of these outcome measures are patient-centred? We aimed to answer these questions by using a combination of systematic review methodology and a qualitative focus group exercise involving trauma survivors and their relatives.
Methods

Study design
This study was undertaken in two parts. First, a systematic review of the literature was performed in order to find all outcome measures used in prehospital clinical trials involving trauma patients. Second, those outcome measures were summarised and presented to a Patient and Public Involvement (PPI) group in order to determine which outcome measures they found to be relevant and important to them. The intention was to determine which commonly reported outcome measures were most patient-centred, in order to inform future study investigators and research centres.
Systematic review of the literature
A systematic review was undertaken using standard systematic review methodology and the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines. 6 No meta-analysis was planned, since the systematic search was intended to be informative rather than to compare outcomes for any intervention.
Inclusion and exclusion criteria
The inclusion and exclusion criteria for included studies were decided a priori. Clinical RCTs that included adult major trauma patients (ISS 16, or if described as 'major trauma') during the prehospital phase of care that reported at least one primary outcome measure were eligible for inclusion. There was no limitation on publication date. Studies who reported data from patients who had sustained 'minor trauma' were excluded, as were studies where data were reported exclusively from non-trauma patients or if there was a mixed caseload of trauma and non-trauma where data pertaining to the trauma patients could not be extracted separately. Due to the known marked differences that exist between how children and adults interpret and report on their health, 7 studies that included only paediatric patients were excluded. The search was restricted to human studies published in English.
Search strategy
A search strategy was developed to capture all relevant literature. The Medline and Embase databases were searched using the OVID SP interface; the terms being used for the searches included MeSH terms and also free text terms such as 'injury', 'injuries', 'injured', 'wound', 'wounds', 'wounded', 'trauma', 'prehospital', 'pre-hospital', 'Emergency Medical Services', 'ambulance', 'outcome', 'endpoint'. Consideration was given to international variations of spelling. Other online resources, including www.clinicaltrials.gov, Web of Science and Google Scholar were also searched for articles not found in the database search. An example of the search strategy is given in Supplementary Material 1. The last search was performed on 25 February 2017.
Study selection
All titles and abstracts were screened, duplicates removed and full texts were obtained for studies of interest. Eligible studies were identified from reading full texts. Reference lists in appropriate reviews and studies of interest were examined for further potentially eligible studies.
Data extraction
Data were extracted from all eligible studies. Studyrelated data included: the type of intervention investigated; study population under investigation, eligibility criteria; country of origin; first author and year of publication. Patient-related data included: number of patients, injury details (injury severity and mechanism); demographic details (age, gender); primary and secondary outcomes. Reported outcomes were extracted verbatim. The time scale of the outcomes was also recorded (short term, long term, intermediate, or indeterminate). 'Short-term' outcomes were defined as those that occurred within 30 days of admission, and 'long-term' outcomes were those that occurred after 6 months, with 'intermediate' including all those in between. Time scale was 'indeterminate' if no specific timing was mentioned (e.g. 'length of hospital stay' or 'survival to discharge').
Patient and Public Involvement exercise
Selection of participants. Our trauma research unit sponsors an Accident, Burns and Critical Care PPI group in order to facilitate discussions between study investigators and previous patients and their relatives. This group is invited to regular meetings with research staff throughout the year. Some of the patients and relatives in this group joined after being invited following a hospital stay, or participation in a trauma, burns or critical care study. Further members of the group were recruited following similar invitations placed in volunteer newsletters distributed at the NHS Trust. This PPI group was invited to participate in our focus group to discuss trauma outcomes in prehospital clinical trials. This group was considered to be approximately representative of those affected by trauma, including relatives, as well as those who had suffered trauma in the past.
Nominal Group Technique. For this exercise, basic Nominal Group Technique was used in five stages: (1) introduction and explanation; (2) silent reflection; (3) sharing of ideas with the group; (4) group discussion; and (5) ranking of items in a voting process. First, we presented the findings of our systematic review to the group in a concise manner, explaining the meaning and relevance of outcome measures that have been reported. These outcomes were divided into categories according to type of outcome measure. Then, participants were given sheets of paper and asked to write down their own views without discussing with the rest of the group. They were asked to (i) put the categories of outcome measures in rank-order of personal importance (with number 1 being the most important); (ii) highlight any outcome measures that were particularly important, or considered completely irrelevant; and (iii) write down what they considered most important to them in terms of outcomes following prehospital trauma trials (free text). Each participant was then asked to share their ideas with the rest of the group in turn, and this was followed by a group discussion. At the end of this discussion, the group were asked to vote on the rankings of the trauma outcome categories. The whole exercise was completed in 1 h, and consensus statements for each outcome measure were recorded by the authors. The age and gender were recorded for all participants.
Data analysis. Systematic review findings are presented in summative form, with no meta-analysis (no comparison was made between outcomes for any intervention). For the PPI exercise, median assigned rank was calculated for each outcome measure. These are presented in order of median rank, with interquartile range. The free text comments are summarised in themes. Figure 1 shows the PRISMA diagram for study selection. The initial search yielded 998 studies of which 803 were non-duplicates. After screening titles and abstracts, the full texts of 100 studies were examined, identifying 27 articles as eligible having met all inclusion criteria.
Results
Systematic search results
8-34
Study characteristics
The 27 included studies were published between 1985 and 2015 and were all RCTs; 20 were from the United States with the remaining seven from Canada, 8, 26 Australia, 10, 18, 19 Germany 20 and the United Kingdom. 30 With a total of 20 different individual first authors, there was a diverse range of sub-groups investigated within the wider major trauma population, but most (17/27 (62%)) investigated patients with either traumatic brain injury or haemorrhagic shock.
Patient characteristics
There were 9537 patients. All included studies reported no statistically significant difference in the basic demographic details (age, sex, mechanism and severity of injury) of patients between either interventions or controls. Table 1 summarises the patient demographics for all included studies according to the intervention arm of each study.
Study interventions
All studies compared a specific intervention to a standardised control. Four of the studies investigated two interventions versus a control, 15, 16, 21, 33 one tested three interventions 32 ; and one tested five against controls. 34 The most commonly investigated intervention was hypertonic saline/dextran (n ¼ 11); six studies investigated the use of hypertonic saline; four studies investigated a variant of the anti-shock garment 11, 12, 17, 23 and two studies investigated the impact of physician-led care compared to paramedic-led care. 9, 19 However, no other single intervention was investigated by more than one study. Table 2 details the outcomes reported by all included studies, as reported verbatim; seven (26%) exclusively reported short-term outcomes, two (7%) reported exclusively long-term outcomes, and seven (26%) studies exclusively reported outcomes of an indeterminate length. The remaining 11 studies (41%) reported outcomes that were assessed over a range of timescales.
Outcomes reported
Primary outcomes. All 27 papers stated at least one primary outcome in their methodology, with eight reporting multiple primary outcomes; overall 32 different and unique outcomes were reported. The most frequently reported individual primary outcome was Extended Glasgow Outcome Score (6 month) in four studies, 10, 15, 18, 21 with the remainder of all other outcomes being shared by only three or fewer studies. Outcomes relating to mortality and survival were the most commonly reported primary outcomes (n ¼ 16), but there were 15 permutations according to timescale, cause and stay in hospital; 'survival to discharge' was the most common variation in three. 13, 31, 32 Table 3 illustrates the type of primary outcomes, categorised by the nature of the intervention. It is notable that 10/17 studies that investigated fluid resuscitation strategies in hypotensive major trauma patients reported a variant of mortality as their primary outcome. Similarly, in trials where the intervention was fluid administration for the treatment of traumatic brain injury, half of the primary outcomes reported are a quality of life assessment. No study reported both short and longer term primary outcomes and of the six that did report a long-term primary outcome, only three (50%) reported a short-term secondary outcome.
Secondary outcomes. Thirteen studies reported at least one secondary outcome, most commonly related to either physiological parameters (n ¼ 13) or complications (n ¼ 13), with fluid/blood requirement in the first 24 hours being the most frequently reported individual secondary outcome (n ¼ 3), with the remainder of secondary outcomes only being shared by two studies or none at all. None of the included studies reported a long-term secondary outcome. 
Patient and Public Involvement exercise
There were 10 members of the PPI group, with a mean age of 59, and six (60%) were female. The outcome measures were divided into nine categories according to the systematic review findings: quality of life; length of stay; mortality/survival; physiological parameters; fluid/blood product requirements; complications; health economics; safety and feasibility; and intervention success. The consensus ranks of the nine outcome categories are shown in Figure 2 with the median and interquartile range of ranks assigned by individual members of the group in stages 2 and 3 of the Nominal Group Technique exercise. The consensus statements for each outcome category are summarised in Table 4 . The PPI group agreed that quality of life outcome measures were the most important overall. Where mortality/survival outcome measures are reported, quality of life outcomes should also be reported in order to make the former be meaningful. Although the group agreed that health economics was important for society, when asked about the importance to themselves and their family, they found this aspect of lesser importance. Participants did not express views on any particular outcome measures not already reported by the included studies.
Discussion
The main findings from the current study are that there are a wide range of outcome measures reported by clinical trials of trauma patients in the prehospital setting, with mortality/survival being the most common, and that trauma survivors consider this outcome measure important. Quality of life outcome measures were also considered very high in importance amongst our PPI group, who also agreed that such outcomes should be reported in addition to mortality/survival. It is notable that outcome measures related to complications were considered of high importance by trauma survivors, but these were only reported as secondary outcome measures in the studies that we found, with no study reporting these as primary outcome measures (Table 2) . A large proportion of included studies reported physiological parameters and length of stay outcomes, which were not considered as important by the PPI group.
Our systematic review found that there is heterogeneity in the selection of both primary and secondary outcomes, and also the time points at which these outcomes are assessed. No single outcome measure was shared by more than four studies, and no single secondary outcome was shared by more than three studies. Even mortality and survival were reported in multiple different permutations according to timescale, cause, and relating to time spent in hospital. This heterogeneity is present even within groups of studies that investigated similar interventions, suggesting that there is limited consensus on the types of outcomes to report for any given intervention, and that perhaps a more consistent approach is warranted. Similar heterogeneity and variation of outcome reporting has been described 
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in studies of cardiac arrest 35 and surgery. 36 There have been published calls for further research towards the development of comprehensive outcome measures, developed within an internationally recognised framework, following the work undertaken in other areas of research (stroke, brain injury, multiple sclerosis) where a core set of health outcome measures already exist. 37 The use of a framework (such as the International Classification of Function Disability and Health 38 ) for the development of a core set of health-related outcome measures may be crucial in developing consensus in this area. The Core Outcome Measures in Effectiveness Trials (COMET) initiative has been established to find agreement in 'core outcome sets' (COS), which are considered the minimum to be measured and reported for any given condition. It is important during the development of COS to strengthen patient and public engagement in research. 39 Our findings may contribute to such efforts by adding information from patients and public in order to facilitate such a process. If future trial investigators are to agree on 'standard' outcome measures to report for prehospital studies of trauma patients, it would be prudent to consider patient reported outcomes. PROMS are already being collected for elective surgery, 40 and such an approach would ensure that the most relevant PROMS were reported for prehospital clinical trials in trauma, and comparable to those PROMS recorded by bodies such as TARN.
Only 11% of studies reported both a short and longterm outcome. Our study suggests there is a lack of a consensus regarding core outcomes and timescales within this patient population. This is notable because our PPI group agreed that they would prefer both short-term and long-term outcomes reported in such trials, in particular, the combination of mortality outcomes and longer term quality of life outcomes. Prehospital clinical trials that include trauma patients represent a logistic challenge, and are difficult to plan and undertake, which may explain the relatively low number of studies identified by our search. Because of this limitation, it is important to answer as many research questions as possible for any given trial in such a setting -including both the shorter and longer term clinical outcomes relevant to patients.
A revised Utstein template published in 2008 aimed to provide consensus in the way data are reported following major trauma by precisely defining certain variables; one such core data variable was survival status, the template proposing a binary outcome of 'dead or alive' assessed at the 30 day time point. 41 Yet, despite this recommendation, 'survival to discharge' is still the most widely reported mortality and survival-based outcome report in prehospital RCTs of major trauma patients. Since TARN records 30-day survival data for all major trauma patients, studies based in England and Wales should be encouraged to include this readily available information in outcome reporting. The use of mortality and survival as outcome measures is advantageous since they are easy to assess, and this may partly account for the frequency of their use. There is, however, debate as to how sensitive a measure mortality is 42 and, as such, consideration should be given to its use. We recommend that in all circumstances where mortality is listed as a primary outcome, an additional quality of life assessment tool be reported, so that 'survival' has a meaningful value to those patients within the study, and can be transferable to clinical practice in a way that is patient-centred. There have been other calls for the use of quality of life outcomes other than mortality, [43] [44] [45] yet implementation of this practice has been slow and their use is not without risk of bias. 46 Our study serves to illustrate that such an aim might be regarded as patient-centred.
If we agree that the reporting of quality of life outcomes is patient-centred and important for translatability to clinical practice, the measurement of such outcomes should be of high quality, and with a low drop-out rate of trial participants. One difficulty with obtaining these data may be that patients become lost to follow up, or occasionally cannot be contacted months and years after their hospital treatment. 47 Data may therefore be vulnerable to bias towards those who are more able to respond, or make a visit to the research facility or hospital. Or, conversely, patients who are still within long-term rehabilitation facilities may be more easily contacted, biasing the data towards worse functional outcomes. In either circumstance, quality of life data may be less complete, and perhaps less reliable, than those regarding survival. Ongoing research in the UK aims to develop electronic capture of PROMs (ePROMs) in trauma patients. 48 An electronic interface may improve PROM data capture in patients who are able to engage with such a programme, but may exclude patients who do not have access to, or are unable to use a computer.
Limitations
Our search of the literature excluded paediatric patients, and the PPI group were all adults, and only discussed adult trauma, so the findings may not necessarily be translatable to the paediatric population. The PPI group was relatively small, and although they all had first-hand experience of trauma and hospital treatment, their opinions may have been biased by some factors in their participation: they all survived their injuries, and had successful treatments that rendered them mobile, stable, and willing to participate in such a group. Our PPI group was older and had a higher percentage of female members than the average trauma population from our systematic review. However, we consider it likely that their opinions are representative of the wider community of those affected by trauma, such as patient relatives as well as trauma patients alone. The methods used in the current study are limited in scope, and do not present a comprehensive investigation of the issues presented. However, our findings highlight the broader issues of lack of consensus, and some limitations in patient-centred approach to prehospital research. Further attention may be warranted for specific types of research, and for specific patient populations.
Future direction
The current study highlights an inconsistency in outcome reporting in prehospital RCTs of major trauma patients, and the variability in patient-centred outcome measures. This variability includes a sparsity of studies that report both short-and long-term outcomes, or a combination of survival and quality of life data -both of which were considered important and appropriate by our PPI group. It may be important for both clinicians and patients that future research looks to specify minimum variations of outcomes and strong, robust assessment methods without limiting assessments. 49, 50 Research should involve stakeholders including patients, their relatives, those that fund healthcare, make health policy, clinicians and scientific investigators. Designers of prehospital RCTs that include major trauma patients may benefit from a 'core' set of outcome measures, using standardised and precisely defined outcome measures on which to base the reporting of their findings, in a manner that is in keeping with initiatives such as COMET. 39 This approach may ensure consistency and comparability of outcome reporting, and support future synthesis of data. Moreover, it will help to ensure the creation of a strong evidence base upon which the development of healthcare policy and the evaluation of novel interventions can be based. The focussed approach to establishing standardised outcomes that is proposed here has already been demonstrated in other areas of clinical research, such as in cardiac arrest trials. 51 Investigators of prehospital major trauma may wish to build on the progress in other areas of research and seek consensus on the outcomes reported in prehospital trauma research, including a patient-centred approach.
